Legionella species have been found in various aquatic environments, e.g., rivers, lakes, ponds (8) , and cooling tower or water distribution systems (9, 10, 12) . Viable counts of Legionella pneumophila of 15 to 30 CFU/liter have been reported in water from the Allegheny River (15) , while counts of 10 to 10' CFU/100 ml have been found in cooling tower water (9) . The reason why the legionella population in cooling tower water can be larger than that in natural habitats has not yet been clearly elucidated.
Several investigations (15) (16) (17) 21) have suggested a relationship between legionella multiplication and certain abiotic factors such as pH, temperature, organic matter, and certain metals, factors considered to play an important role as growth enhancers or inhibitors of legionellae in the environment. On the other hand, legionellae have been shown to be symbiotic bacteria. Cyanobacteria (2) , heterotrophic bacteria (17, 22) , ciliates (1, 7) , and amoebae (11, 14, 19, 20) are thought to be influential in the survival or multiplication of legionellae in natural and man-made aquatic environments. However, there is a dearth of quantitative information regarding populations of protozoan and other heterotrophic bacteria in microbial communities in the research on legionellae in environmental water. In this study, we determined viable populations of legionellae, other heterotrophic bacteria, and bacterivorous protozoa in cooling tower water, and, from the results, we assessed the factors possibly contributing to increases in the viable counts of legionellae in a cooling tower system.
The water samples were collected in sterile plastic bottles (1 liter) from the basins of cooling towers from 10:00 a.m. to 12:00 noon. The bottles, placed in an ice box, were carried to the laboratory, where water samples were tested within 4 h after collection. The pH and temperature of the water in the tower basins were measured by a pH-temperature meter (model pH 51; Yokogawa Electric Co., Tokyo, Japan) just before sample collection. A total of 82 samples of cooling tower water were collected from 40 towers, located in Nara (4 towers), Gifu (25 towers), Aichi (7 towers), and Shizuoka (4 towers) prefectures. Sample collections were performed one to five times at each tower between April 1986 and July 1987. Sixty-three of the 82 samples were collected from July to September, since most of the cooling towers were being used for air-conditioning during the period. The water samples collected in winter (December to January) were from the four cooling towers operating throughout the year. In the basins of these four towers, many deposits or aggregates of sedimentary matter were observed in autumn and winter.
The viable counts of heterotrophic bacteria other than legionellae in cooling tower water were determined on nutrient agar plates (Eiken Chemical Co., Ltd., Tokyo, Japan). After incubation at 20°C for 7 days, all colonies on the plates were counted as heterotrophic bacteria. The viable counts of legionellae were determined by the following method. After centrifugation (7,000 x g, 20 min) of 200 ml of the sample water, the sediment was resuspended in 2 ml of sterile distilled water, and 0.5 ml of the suspension was mixed with 0.5 ml of 0.2 M KCl-HCl buffer (pH 2.2). The mixture was maintained for 20 min at 35°C, and each 0.1-ml portion was spread in duplicate on buffered charcoal yeast extract (BCYE) agar and Wadowsky-Yee-Okuda agar (9) . These plates were incubated at 35°C for 10 days, and suspicious colonies were counted and then inoculated on BCYE and blood agar medium. If the isolate could grow only on BCYE and the Gram stain was negative, it was determined to be a legionella. Several colonies isolated from each positive sample were used for the identification. Serological identification of legionella isolates was carried out by slide agglutination tests with commercial antiserum (L. pneumophila serogroup 1 to 6, Legionella bozemanii serogroup 1, Legionella dumoffii, Legionella gormanii serogroup 1, and Legionella miedadeii; Denka Seiken Co. Ltd., Tokyo, Japan). Species identification of serologically unidentified strains was carried out by the microplate hybridization method of Ezaki et al. (4) . DNA microplates for 26 species of the genus Legionella were obtained from the Kobayashi Pharmaceutical Co., Osaka, Japan.
The viable counts of bacterivorous protozoa were estimated by the most-probable-number (MPN) method (24). Escherichia coli GIFU 1424 (type strain) was suspended in autoclaved river water to a concentration of 108 CFU/ml, and the suspension was used as a medium to culture the protozoa. Briefly, 10-, 1-, and 0. 10 CFU/100 ml ( Fig. 1) , the lowest detectable count obtained by the method employed. Heterotrophic bacteria showed the same viable counts (105 to 108 CFU/100 ml) in spring as they did in summer, but viable counts of protozoa were lower in spring than they were in other seasons. Eight of the towers surveyed in spring also showed increases in legionella counts in summer. In summer (July and August), legionellae were detected in 68% (28 of 41) of the samples (Fig. 1) , and maximum viable counts reaching 105 CFU/100 ml appeared in August 1986 and July 1987 (Table 1 ). In autumn (September), legionellae were detected in 59% (13 of 22) of the samples (Fig. 1) (16) . However, no water in acidic pH range was found in the cooling towers in our survey or in a previous report (9 (Fig. 1) . The detection rates of the protozoa were 82% (62 of 75 samples) for ciliates, 98% (74 of 75 samples) for flagellates, and 97% (73 of 75 samples) for amoebae. Ciliates showed viable counts in the range of 103 MPN/100 ml in summer (Table 1) . Flagellates and amoebae showed viable counts of 103 MPN/100 ml throughout the year, except in April and May (Table 1) . In this study, we found many protozoa belonging to several taxa (5) in water samples of the cooling tower (e.g., ciliates of the families Aspidiscidae, Colpodidae, Pleuronematidae, Tetrahymenidae, and Vorticellidae; amoebae of the families Acanthamoebidae, Amoebidae, and Hartmannellidae; and flagellates of the family Bodonidae.
As symbiotic and pathogenic bacteria, legionellae must grow within protozoan or mammalian phagocytes. Several protozoa of the ciliate Tetrahymena pyriformis (1, 7) and the amoebae Acanthamoeba spp., Echinamoebae sp., Naegleria spp., and Hartmannella spp. (6, 11, 14, 19, 20) have been reported to serve as the host cells of L. pneumophila. Bacterivorous protozoa, including a host group of legionellae, are very common organisms in the microbial community of cooling tower water. The counts of these protozoa closely correlated with viable counts of legionellae (Table 2 ). In (20) and in the microbial community of hot water tanks (6) . Several isolates of heterotrophic bacteria from potable water have been reported as bacteria supporting the growth of L. pneumophila on BCYE agar without added L-cysteine (17, 22) . We isolated similar supporting bacteria, namely, six strains from 500 isolates. These were gram-negative nonfermenters, two strains of Sphingomonaspaucimobilis (23) and four strains with G+C contents of 69 or 71% (3). However, the number of growth-supporting bacteria was fewer than expected, in spite of the fact that the highest density of legionellae (.104 CFU/100 ml) appeared in water with high numbers (.106 CFU/100 ml) of heterotrophic bacteria. The correlation between the occurrence of legionellae and that of heterotrophic bacteria was not significant in our results ( Table 2 ). The biological function of heterotrophic bacteria in the legionella environment in the cooling tower is probably dependent on indirect or synergistic relationships in the microbial community rather than on a direct relationship to specific bacteria.
A cooling tower appears to afford a suitable environment for sustaining a stable microbial community. The water is supplied automatically in the tower, maintaining constant water level and volume during operation. The substrata for microbial growth, present in the water or introduced from the atmosphere, may accumulate by the recycling of the water. After the cooling tower is cleansed with detergent, an increase in viable legionellae, up to 104 CFU/100 ml, appears after increases in heterotrophic bacteria and protozoan populations during operation in summer (24). Sustaining growth of bacterivorous protozoa is an important ecological function of heterotrophic bacteria in the microbial community. Some of the protozoan population may serve as host cells for the multiplication of legionellae.
Our results demonstrated that the highest density of legionellae, >104 CFU/100 ml, in cooling tower water at >250C occurs in summer, with their population remaining high (102 to 103 CFU/100 ml) in the seasons that follow, including winter. Thus, the water temperature of the cooling tower could act as an important factor in promoting an increase in the viable count of legionellae, and the existence of other organisms in the microbial community, e.g., protozoa or some heterotrophic bacteria, may be a factor stimulating the propagation of the legionella population.
